Integrated hepatitis B virus (HBV) DNA previously cloned from a hepatocellular carcinoma genomic library derived from a Japanese patient was characterized further. Sequence analysis of restriction fragments bearing the virus-host junctions defined 3125 nucleotides of essentially un-rearranged HBV DNA of the adr subtype with the right junction mapping within the cohesive region at position 1970 and the left within the pre-core at position 1886. The right viral-host junction contains a 7 bp repeat (TGTAGGC) and a possible 2 bp inversion. The integrated HBV DNA includes the complete open reading frames for core, pre-S, S and polymerase and a 3' truncated X gene, and lacks most of the pre-core. Integration has occurred at a mutational hot spot of the viral genome and appears to be located in a region of semi-repetitive genomic DNA 3' to the fl-globin gene cluster.
In spite of strong epidemiological evidence which links chronic hepatitis B virus (HBV) infection with hepatocellular carcinoma the molecular basis for a possible role of the virus in hepatocarcinogenesis has not been established. Integrated viral DNA sequences have now been identified in carcinoma-derived genomic DNA in a significant proportion of cases but no pattern of integration has emerged and their involvement in tumour development remains unclear. In the tumours so far analysed integration appears to occur preferentially through the 5' terminal overlap and to be targeted randomly or semi-randomly throughout the human genome (Hino et al., 1989; Shih et al., 1987 ; Tokino et al., 1987; Yaginuma et al., 1985 Yaginuma et al., , 1987 Zhou et al., 1988) .
In the present report we have analysed further the HBV DNA sequence which we had cloned previously and partially characterized from a hepatocellular carcinoma derived from a Japanese patient (Fowler et al., 1986) .
A 10 kb HindIII fragment of tumour-derived genomic DNA containing integrated HBV DNA (L1C1) previously described (Fowler et al., 1986) was amplified and the DNA purified using conventional techniques (Maniatis et al., 1982) . The host-virus junction-containing DNA fragments were prepared by restriction with appropriate enzymes (Fig. 1) , and ligated to restricted plamid pUC9 DNA. After transformation of Escherichia coli HB101, insert-containing colonies were identified, amplified and DNA was extracted for sequence analysis (Zagursky et al., 1985) .
The sequencing strategy which also made use of chemically synthesized oligodeoxynucleotide primers is shown in Fig. 1 . Sequencing of the left junction was initially carried out on a subcloned HindlII/BgllI fragment (HB12) shown in Fig. 1 which we predicted to contain the host-viral junction from previous restriction site mapping (Fowler et al., 1986) . The sequence obtained was however entirely non-viral implying that the viral DNA ended precisely at the BgllI site (position 1987 on the HBV genome) or that an additional BgllI/BgllI fragment previously undetected contained the host-viral junction. To investigate the latter, BgllIdigested fragments were cloned into the BamHI site of pUC9 and two HBV DNA-positive clones (BB2 and BB3) were isolated by colony hybridization using a full 3.2 kb HBV DNA probe. BB2 was found to be about 500 Fig. 1 . Map of partial clones from L1C1 and synthetic oligodeoxynucleotides used in sequencing virus-host junctions. Are~ in black corresponds to previously established minimum viral sequence from restriction analysis (Fowler et at., 1986) . A, AvaI ; B, Bam~.~; Bg, BgllI ; E, EcoRl; X, XhoI. 4 , Minus polarity synthetic primers, BB2 .extension and BB3 extension; the latter was used for confirmation of the host flanking region. I~, Plus polarity primers 1585 and BE5EXT. Map positions of primers are indicated in the text. Short communication bp long and was presumed to be the viral BgllI/BgllI sequence (1987 to 2431), whereas BB3 was just over 100 bp and was expected to contain the junction (Fig. 1) . Sequencing of the two clones confirmed these predictions and placed the left junction at HBV DNA position 1886 (or 1861 of the adr subtype which contains a 27 bp deletion) within the pre-core region ( Fig. 2 and 3) . Further confirmation of the sequence at the virus-host boundary was also obtained by sequencing from a synthetic primer from within BB2 (2021 to 2040, minusstrand polarity) using DNA from clone 5e (HindIII left of EcoRI) as template (Fig. 1) . Analysis of the right virushost junction was carried out by subcloning both AvaI/EcoRI and BamHI/EcoRI fragments based on previous restriction site assignments which placed the AvaI site at position 1475, from the enzymes tested, closest to the right boundary ( Integrated HBV DNA thus comprises 3125 bp of essentially un-rearranged DNA of the adr subtype (Fowler et al., 19861 with a 7 bp duplication and 2 bp inversion at the right junction. The sequence includes the core (but not pre-core), surface (including pre-S1 and pre-S2) and polymerase genes, and an X gene truncated by 47 nucleotides at the 3' end ( Fig. 2 and 3 ) which would encode an X gene product 16 amino acids short at the carboxyl end, followed by an additional leucine, and terminating within the 7 bp repeat. Both the pre-core AUG and most of the pre-core coding region are absent. The promoters for transcription of pre-S and S, the enhancer sequence downstream from S and the presumed regulatory sequences of X gene transcription are all contained within the integrated viral DNA. By contrast the region presumed to contain the promoter for the 3-4 kb transcript associated with the synthesis of both core and polymerase is split from the truncated pre-core and first (core) AUG. The integrated HBV DNA can provide a functional template for the synthesis of surface antigen and a truncated X gene product under the controls thought to operate during the replicative cycle, although the existence of hybrid viral-host functional transcripts from host promoters involving both core and polymerase genes cannot be excluded. sequence is about 6 kb in length and repeated about 104 times per haploid genome. Our finding would corroborate a previous report that HBV integration may occur in association with repetitive sequences which may contain recombination signals and a number of direct and indirect repeats thought to facilitate rearrangements (Hattori et al., 1985) . A significant amino acid similarity between human transferrins and amino acid sequences in TBG41 has been reported, transferrins being members of a protein family which includes melanoma antigen p97, ChBlym-1 and probably HuBlym-1. The potential significance of this association will be investigated further by evaluating the transforming potential of the 10 kb L1CI cloned DNA.
